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NO is a small, diatomic gas 
that has the unique ability to 
freely diffuse across cellular 
membranes. In post-synaptic 
cells, NOS produces NO, 
which acts as a retrograde 
s igna l ing molecu le tha t 
diffuses back to the pre-
synaptic cell to bind and 
activate the receptor soluble 
guanylate cyc lase. This 
process ultimately strengthens 
the cells’ signaling connection, 
an important component of 
synaptic plasticity. 
nNOS is a homodimer, with each monomer composed of a reductase 
and oxidase domain. Electrons are shuttled through a series of five 
co-factors to the active site heme. CaM, an ubiquitous Ca2+ sensor, 
binds and activates nNOS, biasing the movement of the FMN sub-
domain between the reductase and oxidase domains, where it 
donates electrons that are used to generate NO from L-arginine. 
Hypothesis: CaM-binding induces conformational changes that activate 
nNOS by biasing the movement of the FMN subdomain between the 
reductase domain and the heme in the oxidase domain. We propose to 
map those changes using HDX-MS. 
We performed HDX-MS to explore the conformational changes induced by 
activation. After initiating H/D exchange, samples were quenched at 
various timepoints (tex) and then pepsinized to uniquely identifiable 
fragments which underwent liquid chromatography MS analysis. The rates 
of deuterium incorporation were assessed for each fragment, and 
compared between the active and inactive form of the protein. 
Mapping CaM-induced conformation changes with HDX-MS revealed 
several key regulatory surfaces in the reductase domain  and FMN 
subdomain and increased our understanding of the overall 
mechanism of nNOS activation. 
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CaM-binding also induced 
significant exchange rate 
increases at the auto-
inhibitory insert and β-finger 
regulator. Interestingly, both 
of these structures are 
found exclusively in CaM-
regulated isoforms of NOS, 
confirming they likely act as 
key regulatory surfaces.  
The auto-inhibitory insert is thought to be involved in docking the 
FMN subdomain to the reductase domain. The exchange rate 
increases here suggest that the auto-inhibitory insert may become 
disordered upon activation, allowing for FMN subdomain mobility. 
The exchange rate increases at the 
interface of the FMN subdomain 
and reductase domains are also 
directly adjacent to two key serine 
residues. Phosphorylation of these 
residues has been reported to tune 
NOS activity. This has prompted 
additional study of the effect of 
phosphomimetics of these residues 
on nNOS structure and activity. 
The linker regions on either side of the FMN subdomain are highly 
disordered in inactive nNOS. The significant decrease in H/D 
exchange rates may suggest an increase in order upon CaM-
mediated activation, potentially shortening the path length between 
the reductase and oxidase domain in order to  facilitate more efficient 
electron transport by the mobile FMN subdomain. 
Neuronal nitric oxide synthase (nNOS) produces nitric oxide (NO), a 
unique signaling gas molecule involved in retrograde neuronal 
signaling. Homodimeric nNOS is composed of a reductase and 
oxidase domain, connected by a mobile FMN subdomain. The 
reductase domain delivers electrons to the heme of the oxidase 
domain, where NO is generated from arginine. Electron delivery is 
tightly regulated by Ca2+ via the intermediary Ca2+-sensor calmodulin 
(CaM). We examined conformational changes induced by CaM-
binding that encourage the inter-domain delivery using hydrogen-
deuterium exchange mass spectrometry (HDX-MS). 
 
Exchange rate increases in the reductase domain were most 
pronounced in a regulatory beta-finger, a structural element unique to 
the CaM-regulated isoforms of NOS. In the FMN subdomain, 
changes were localized to an auto-inhibitory insert involved in 
docking the FMN subdomain to the reductase domain. Interestingly, 
the CaM-perturbed regions encompass two serine residues that are 
subject to phosphorylation, a modification reported to tune nNOS 
activity. Taken together, the HDX-MS results revealed critical 
regulatory surfaces on the reductase domain and FMN subdomain. 
How does CaM activate nNOS? 
